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(57) An illumination source[70] for use in projectors 
and the like. The illumination source[70] includes a light 
source[71,81] that generates a two-dimensional emis- 
sion pattern having a light intensity that varies as a func- 
tion of position in the emission pattern. A 
collector[72,82] collects the light from the light 
source[71,81] and illuminates an exit aperture[76] 
therewith. The illuminated exit aperturep6] has a two- 
dimensional emission pattern with a light intensity that 
varies as a function of position in a manner that is more 
uniform as a function of position than the emission. pat- 
tern of the light source[71,81]. An imaging optical ele- 
ment[73] images the exit. aperture[76] onto a 
surface[74]. The collector[72,82] is preferably a com- 
pound parabolic concentrator or a compound elliptical 
concentrator. In one embodiment of the invention, a par- 
tially reflecting f ilm[83] is placed between the exit aper- 
ture[76] and the imaging optical element[73]. The 
partially reflecting f i!m[83] reflects light of a first polari- 
zation state back into the collector[72,82] and transmits 
light of the orthogonal polarization state. In another 
embodiment of the invention, a quarter wave plate[84] is 

t- introduced between the exit aperture[76] and the par- 

^ tially reflecting film[83] to further increase the radiance 

0) of the source. 
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Description 
Held of the Invention 

[0001] The present invention relates to light sources, and more particularly, to a solid state light source for use in 
projectors and the like. 

Background of the Invention 

> [0002] Systems for projecting images onto screens are known in the art. Systems based on incandescent or arc 
lamps are often used in projection displays. However, such sources have limited lifetimes and poor output stability over 
the life of the light source. In addition, spectral components, such as UV and IR, that are not needed for display pur- 
poses must be filtered out of the emissions to avoid damage to other components or the viewer's eyes. 

[0003] Sources based on combinations of Light Emitting Diodes (LEDs) or semiconductor lasers that emit red, 

> green and blue light can be used as a solid state light source. Since LED and laser emissions are typically spectrally 
narrow band light sources, the use of color filters for the display can be omitted. Also the optical output of semiconductor 
lasers and LEDs can typically be electrically modulated at a rate that is sufficient for a time sequential color display. . 
[0004] Unfortunately, individual solid state light sources do not provide sufficient brightness for many projection disr 
play applications; hence, arrays of LEDs must be utilized to obtain sufficient output. A significant fraction of the light gen- 

) erated in an LED array is lost. One common type of projection display utilizes a liquid crystal-based spatial light 
modulator. Such modulators require the use of linearly polarized light. Since the emission of conventional light sources 
is unpolarized, the light source includes a polarizing fitter that transmits light in the desired linear polarization state and 
absorbs the perpendicular state. As a result, 50% of the radiance of the light from the source is lost. 
[0005] Broadly, it is the object of the present invention to provide an improved solid state light source and projection 

? display. 

[0006] It is a further object of the present invention to provide a light source that provides a white light output utiliz- 
ing LEDs of different radiances and colors. 

[0007] It is a still further object of the present invention to provide a polarized light source, with an optical output ' 
power larger than bu% of the output power ot the original unpolarized light source. 

> [0008] These and other objects of the present invention will become apparent to those skilled in the art from the 
following detailed description of the invention and the accompanying drawings. : 

Summary of the Invention 

» [0009] The present invention is an illumination source for use in projectors and the like. The illumination source 
includes a light source that generates a two-dimensional emission pattern having a light intensity that varies as a func- 
tion of position in the emission pattern. A collector collects the light from the light source and illuminates an exit aperture 
therewith. The illuminated exit aperture has a two-dimensional emission pattern with a light intensity that varies as a 
function of position in a manner that is more uniform as a function of position than the emission pattern of the light 

? source. An imaging optical element images the exit aperture onto a surface. The collector-is preferably a compound par- 
abolic concentrator or a compound elliptical concentrator. In one embodiment of the invention, a partially reflecting film 
is placed between the exit aperture and the imaging optical element. The partially reflecting film reflects light of a first 
polarization state back into the collector and transmits light of the orthogonal polarization state. In another embodiment 
of the invention, a quarter wave plate is introduced between the exit aperture and the partially reflecting film to further 

5 increase the radiance of the source. 

Brief Description of the Drawings 
[0010] 

Figure 1 is a cross-sectional view of a prior art projection system. 

Figure 2 is a cross-sectional view of a projection system utilizing an illumination source according to the present 
invention. 

Figure 3 is a cross-sectional view of an illumination source according to the present invention that utilizes a partially 
reflecting film to enhance the light output of the illumination source. 
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Detailed Description of the Invention 

[0011] The present invention may be more easily understood with reference to Figure 1 which is a cross-sectional 
view of a prior art projeiction system. Projection system 1 0 utilizes an illumination source 1 2 to illuminate a liquid crystal 

5 light modulator 14. An optical system 13 images the light from the light source onto the light modulator. The modulator 
can be of the reflective or transmissive type. For reflective displays a polarizing beam splitter can be utilized to separate 
the illumination and imaging path or an off axis illumination scheme can be utilized. The light modulator is, in turn, 
imaged onto a screen 16 by an optical system 15. A color image is produced by sequentially displaying red, blue, and 
green images in a time frame that is sufficiently short that the eye does not perceive the separate images. Hence, light 

10 source 12 must be capable of quickly switching between the various component colors. The component video signals 
are decoded by drive circuits shown at 17. 

[0012] As noted above, the light output of individual LEDs or laser diodes is insufficient to provide the required iliu- * 
mination. Hence, light source 12 is constructed from arrays of LEDs or laser diodes. To simplify the following discussion, 
embodiments based on LEDs will be discussed; however, it is to be understood that similar embodiments based on 
15 arrays of laser diodes can also be utilized without departing from the teachings of the present invention. While the effec- 
tive brightness of the light source can be increased by utilizing arrays of LEDs, there is a limit to the physical size of the 
light source. 

[0013] To maximize the display brightness, the source area, the collection angle of the collimating optics and the 
radiance (optical power/area/solid angle) of the solid state light emitters must all be optimized. 1 The useful solid angle 

20 and area of the light source are determined by the etendu of the optical system of the projection display. The etendu of 
an optical element is its aperture multiplied with the solid angle of the light that is relayed through this element The 
etendu of a system is the minimum occurring etendu of its individual optical components. Given the etendu of the opti- 
cal display system and the collection angle of the collimating optics the maximum useful light source area is deter- 
mined. This area has to be covered with as many solid state emitters of maximum available radiance as possible in 

25 order to provide maximum display brightness. 

[0014] To provide a full color display, a solid state light source has to include emitters of at least three different 
colors arranged in a mosaic pattern. In order to maximize the brightness of a color display, the relative area covered;by 
emitters of each color has to be adjusted according to the respective emitter radiance. If all emitters are driven simulta- 
neously the resulting color shining onto the light modulator has to be white. The fraction of the source area covered;by 

30 each kind of color emitter is given by: 



40 Here, cl, c2, and c3 denote the three spectrial emitters, P c1 , P c2 arid P^ denote the total optical power required for each 
emitted color d , c2 and c3, respectively, to generate white light at the display output. D c1 , D c2 and D^ denote the emit- 
ted power/area of the individual solid state color emitters that reach the display screen. Finally, Ac/A^tai (i=1 ..3) is the 
fraction of the total source area that is covered by the emitters of one color. Hence, the mosaic pattern must accommo- 
date different individual emitter dimensions. Furthermore the pattern of the individual solid state color emitters has to 

45 provide good mixing of the different color emitters in order to maximize the uniformity of illumination at the light valve of 
each individual color. Since the various color emitters have significantly different radiances, the areas devoted to each 
type of color emitter must be adjusted. 

[0015] The role of collimating optics 13 is to collect light from the source area emitted into a certain solid angle. 

Most projection displays use lenses or mirrors to collimate the light emanating from the source. These two types of opti- 
so cal elements create an image of the source and maintain its etendu, hence the product of area times solid angle of the 

light source and its image is constant. As a result, the radiance of the source is miaintained, resulting in a maximum 

brightness of the display system. This system assumes that the light source is spatially uniform. 

[0016] Unfortunately, LED arrays do not provide a spatially uniform light source. To correct for the non-uniformity, 

the image plane of the light source is chosen such that it does not coincide with the position of the light modulator. The 
55 further the source is imaged from the modulator the better the intensity uniformity of the display. However, since the 

diameter of the waist of the light bundle is minimal at the image of the light source, placing this image plane off the light 

modulator results in a loss of radiance, hence a reduction in display brightness. 

[0017] The present invention overcomes this limitation by utilizing a combination of a non-imaging collimating ele- 
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ment and an imaging element For the purposes of this discussion, a non-imaging element js^an optical element that 
does not create an image of the input object. The reader is directed to WeHbrd, Winston, "High Collection Nonimaging 
Optics", Academic Press Inc. '89, ISBN 0-12-742885-2 for a more detailed discussion of such elements. Refer now to 
Figure 2, which is a cross-sectional view of a projection system 70 according to the present invention. A non-imaging 
element 72 such as a Compound Parabolic Concentrator (CPC) or a Compound Elliptical Concentrator (CEC) main- 
tains the etendu of light source 71 but does not image the source. At the exit aperture 76 of a CPC, the optical intensity 
is fairly uniform. A lens 73 that images the CPC exit aperture onto the light modulator 74 also maintains the etendu of 
the light source. Therefore the combination of a non-imaging and an imaging optical element used.for collimation of the 
light source provides maximum radiance at the light modulator, and hence, maximum display brightness. Projection 
system 70 utilizes a projection lens 75 to image light modulator 74 onto the projection screen. 
[0018] In many applications, a linearly polarized light source is required. For example, when the light modulator 
shown in Figure 2 is based on a liquid crystal, the liquid crystal can be illuminated with linearly polarized light Since the 
emission of conventional light sources is unpolarized, prior art light sources typically include a polarizing filter that trans- 
mits light in the desired, linear polarization state and absorbs the perpendicular state. While such light sources provide 
the desired polarization, 50% of the radiance of the light source can not be utilized. 

[0019] tn principle, solid state emitters that emit polarized light can be utilized to construct the light source. For 
example, arrays of Vertical Cavity Surface-Emitting Lasers (VCSELs) could be utilized. However, such light sources are 
not commercially available. 

[0020] In the preferred embodiment of the present invention this loss of radiance is significantly reduced by the use 
of a reflector that reflects light of one linear polarization and transmits light of the orthogonal polarization. Such reflec 7 
tors are available commercially from 3M Corporation under the trade name DUAL BRIGHTNESS ENHANCEMENT 
FILM (DBEF). 

[0021] Refer now to Figure 3, which is a cross-sectional view of a light source 80 according to the present invention 
that utilizes a DBEF to improve the effective radiance of the source. Light source ,80 includes a LED or other light source 
81 and a concentrator 82, which is preferably a CPC or CEC as described above. A DBEF 83 is placed between the 
concentrator and the light modulator. DBEF 83 is oriented such that the direction of light required by the light modulator 
passes through DBEF 83. The light of the orthogonal polarization is reflected back into the source and, in turn, reflected 
back onto DBEF 83. The polarization of the reflected light partially changes due to scatter and reflection at the source. 
Therefore a fraction of the reflected unwanted polarized light is converted into the desired polarization state and passes 
through DBEF 83, thus enhancing the radiance of the source. 

[0022] DBEF 83 can be combined with a spectrally broadband quarter wave plate 84 with its optical axis aligned at 
an angle of 45 degrees relative to the optical axis of the DBEF material to further enhance the radiance of the light 
source 80. The DBEF reflected light passes twice through wave plate 84 and is reflected by the source, therefore its 
polarization is converted to the desired polarization state. This enhances the fraction of the reflected light that is con- 
verted into the desired state, thus increasing the radiance of the light source. 

[0023] While the above-described embodiment of the present invention generated linearly polarized light, embodi- 
ments that generate circularly polarized light may also be constructed. Similar films are available that transmit light of 
one circular polarization state and reflect the opposite circular polarization state. 

[0024] Various modifications to the present invention will become apparent to those skilled in the art from the fore- 
going description and accompanying drawings. Accordingly, the present invention is to be limited solely .by the scppe of 
the following claims. 

Claims 

1. An illumination source (70) comprising: a light source (71,81), said light source (71,81) having a two-dimensional 
emission pattern having a light intensity that varies as a function of position in said emission pattern; a collector 
(72,82) for collecting light from said light source (71,81) and illuminating an exit aperture (76) therewith, said exit 
aperture (76) having a two-dimensional intensity pattern with a light intensity that varies as a function of position, 
said intensity pattern of said exit aperture (76) being more uniform as a function of position than said emission pat- 
tern of said light source (71,81); and an imaging optical element (73) for imaging said exit aperture (76) onto a sur- 
face (74). 

2. The illumination source (70) of Claim 1 wherein said collector (72,82) comprises a compound parabolic concentra- 
tor. 

3. The illumination source (70) of Claim 1 wherein said collector (72,82) comprises a compound elliptical concentra- 
tor. 
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4. The illumination source (70) of one of the preceding Claims further comprising a partially reflecting film (83) located 
between said exit aperture (76) and said imaging optical element (73), said partially reflecting film (83) reflecting 
light of a first polarization state back into said collector (72,82) and transmitting light of an orthogonal polarization 
state. 

5. The illumination source (70) of Claim 4 further comprising a quarter wave plate (84) between said exit aperture (76) 
and said partially reflecting film (83). 
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